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received; 

PROVISIONAL SPECIFICATION 

'System for the delivery of gases to a patient and sensing means" 



We, FISHER & PAYKEL HEALTHCARE LIMITED, a company duly 
incorporated under the laws of New Zealand of 15 Maurice Paykel Place, East 
Tamaki, Auckland, New Zealand, do hereby declare this invention to be 
described in the following statement: 
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BACKGROUD TO THE INVENTION 
Field of the Invention 

This invention relates to humidity, temperature and flow sensing and 
particularly but not solely to the supply of optimal humidity gases to a patient to 
5 assist the patient's breathing for ventilation purposes, or for the supply of gases 
for other medical procedures, such as laparoscopic, endoscopic or ophthalmic 
procedures. 

Summary of the Prior Art 

A number of methods are known in the art for assisting a patient's 
10 breathing. Continuous Positive Airway pressure or CPAP involves the 
administration of air under pressure to a patient, usually by a nasal mask. It is 
used in the treatment of snoring and Obstructive Sleep Apnea (OSA), a condition 
characterised by repetitive collapse of the upper airway during inspiration. 
Positive pressure splints the upper airway open, preventing its collapse. 
1 5 Treatment of OSA with nasal CPAP has proven to be both effective and safe, but 
CPAP is difficult to use and the majority of patients experience significant side 
effects, particularly in the early stages of treatment. 

Upper airway symptoms adversely affect treatment with CPAP. Mucosal 
drying is uncomfortable and may awaken patients during the night. Rebound 
20 nasal congestion commonly occurs during the following day, simulating a viral 
infection. If untreated, upper airway symptoms adversely affect rates of CPAP 
use. 

Increases in nasal resistance may affect the level of CPAP treatment 
delivered to the pharynx, and reduce the effectiveness of treatment. An 

25 individual pressure is determined for each patient using CPAP and this pressure 
is set at the mask. Changes in nasal resistance affect pressure delivered to the 
pharynx and if the changes are of sufficient magnitude there may be recurrence 
of snoring or airway collapse. 

Such symptoms can also occur in a hospital environment where a patient 

30 is on a respirator. Typically in such situations the patient is intubated. Therefore 
the throat tissue may become irritated and inflamed causing both distress to the 
patient and possible further respiratory problems. 




A number of methods may be employed to treat such upper airway 
symptoms, including pharmacological agents to reduce nasal disease, or heating 
the bedroom. One most commonly employed method is humidification of the 
inspired air using an in line humidifier. Two types of humidifier are currently 
5 used. Cold pass-over humidifiers rely on humidifying the air through exposure 
to a large surface area of water. While they are cheap, the humidity output is low 
at high flows, typically 2 to 4 mg\L absolute humidity at flows above 25L/min. 
The output is insufficient to prevent mucosal drying. Heated water bath 
humidifiers are more efficient, and produce high levels of humidity even at high 
10 flow rates. They are effective at preventing upper airway mucosal drying, prevent 
^ increases in nasal resistance, and are the most reliable means of treating upper 
airway symptoms. 

Any of these active systems will have, to some degree or other, 
condensation (or rain out) in the tubing connecting the humidifier to the patient. 

15 The degree of condensation is strongly dependent on the ambient temperature, 
being much greater for greater differences between the ambient temperature and 
the gas temperature. The formation of large quantities of water in the breathing 
tubing causes considerable inconvenience to the patient, may accelerate cooling 
of the gas, may eventually occlude the tubing, or may be expelled into the 

20 patient. Also, the patient may experience discomfort, when breathing gases are 
delivered at temperatures widely divergent from that of the ambient temperature. 
Excessive condensation also results in inefficient usage of the water in the 
humidifying chamber. 

In a hospital environment, where the ambient temperature of the 

25 atmosphere within the hospital environment is controlled by air conditioning for 
example, the required temperature for the humidified gases supplied by the 
apparatus may be controlled within set temperature parameters that are 
sufficiently close to the ambient temperature to prevent condensation within the 
conduit. However it is still necessary to have good control over the temperature 

30 and humidity of gases as they are actually supplied to the patient. 

In the home care environment in which a user requires to use humidifying 
apparatus at home, the range of ambient and gas temperatures may well exceed 
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that of the hospital environment. In the home care environment, the user will 
usually wear a facemask that is connected to end of the conduit and such a 
humidifier may be used in the home environment for the treatment of breathing 
and sleep apnea disorders and/or in conjunction with ventilators or CPAP 
5 devices. In addition, non-active humidifiers are commonly employed utilising 
the known pass over humidification technique. 

For medical procedures where a patient's cavity is inflated for surgery, 
such as with laparoscopic or endoscopic surgery, it is important that gases 
entering the cavity are humid and at body temperature so as not to cause drying 
10 of the cavity tissues and to improve the recovery time of the patient. 

In US Patent No. 5640951 issued to Fisher and Paykel a heated conduit 
for a humidified breathing assistance apparatus is disclosed which includes a 
temperature probe at the end of a heated conduit. By heating the conduit the 
problems relating to condensation in the conduit may be overcome. However in 
15 order to implement closed loop control over the temperature of the supplied gases 
(and therefore the power input to the conduit heating element 21), it is necessary 
to measure the temperature as close to the point at which it is supplied as 
possible. The temperature probe and its associated wiring included for this 
purpose make the attachment to the facemask or intubated patient bulky and 
20 therefore more uncomfortable for the patient. Also for other medical procedures 
the probes and associated wiring also result in bulky attachments at the operation 
entry point causing obstructions to the surgeon or pressure sores around the point 
of entry. 

WO01/13981 of Fisher & Paykel Healthcare Limited discloses a breathing 
25 assistance apparatus adapted to deliver humidified gases at a desired level of 
humidity to a patient, including a humidifier and a heated conduit. The 
humidifier includes a controller, which determines a parameter of gas flow rate 
and then the required power input to the humidifier to deliver the gases to the 
patient at the required patient humidity. In a second embodiment, a conduit 
30 heating element is provided and the controller determines whether it has been 
correctly connected to the control. The heater plate of the humidifier is 
controlled to a particular temperature (set point) or the heater plate power is 




controlled through estimation or measurement of flow and/or ambient 
temperature. The heating element within the conduit is controlled by controlling 
the power to the heater through measurement or estimation of flow and ambient 
temperature. This eliminates the need for probes or external sensors. The blower 
5 or fan of this apparatus is pressure controlled for the purpose of treating CPAP. 
With this system the humidity of the gases supplied to the patient is not so 
accurate, particularly at high flows. 
SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a system for delivering 
10 gases to a patient and sensing means which go some way to overcoming the 
abovementioned disadvantages or which at least provides the public or industry 

with a useful choice. 

Accordingly, in a first aspect the present invention may broadly be said to 
consist in a system for delivering a supply of gases to a patient comprising: 
15 gases supply means providing a flow of gases, 

humidification means receiving said gases from said gases supply means 
and capable of humidifying said gases up to a level of humidity prior to delivery 
to said patient, 

sensing means capable of sensing the humidity, temperature or other 
20 attributes of said gases flow, after said humidification means, 

transportation means conveying said gases from said humidification 

means to said patient, 

wherein said sensing means is capable of being releasably coupled 
between said humidification means and said transportation means. 
25 Preferably said other attributes include but are not limited to pressure, 

oxygen level or flow. 

Preferably said transportation means includes gases heating means. 

Preferably said transportation means is a conduit and said heating means 
is an electrical conductor located within, throughout or about said conduit. 
30 Preferably said sensing means includes an open section of conduit coupled 

to a sensor, such that said sensor is exposed to said gases flow through said 
section of conduit through breathable means. 
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Preferably a housing contains said sensor and said housing extends 
through or resides within said section of conduit and at least part of said housing 

is exposed to said gases flow, 

wherein said at least part of said housing exposed to said gases flow is 

formed from said breathable means. 

Preferably said breathable means is a semi-permeable or hydrophilic 

material. 

Alternatively said breathable means is monolithic film, microporous 

media or electrostatic filter. 

Preferably said sensing means includes a sensor heating means. 
Preferably said sensor heating means is contained within said sensor 

housing- 

Preferably said humidifieation means includes a humidifieation chamber 
adapted to receive a volume of water and water heating means to heat said water, 
said gases passing through said humidifieation chamber, through a gases inlet 
and out a gases outlet, and evaporating said water, said gases thereby bemg 
humidified. 

Preferably said humidifieation means includes a controller to control said 
water heating means and therefore the level of humidifieation of said gases. 

Preferably said sensing means is connected to said controller and conveys 
a sensed level of humidifieation of said gases to said controller, said controller 
) controlling said water heating means to alter said sensed level of humidifieation 
of said gases to a predetermined humidifieation level. 

Preferably said predetermined humidifieation level such that said patient 
25 receives said gases at 37°C and containing 44mg of water vapour per litre. 

In a second aspect the present invention may broadly be said to consist in 

sensing means comprising: 

an open section of conduit, 
a sensor, and 
30 breathable means, 
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wherein said section of conduit is coupled to a sensor, such that said 
sensor is exposed to said gases flow through said section of conduit through said 
breathable means. 

Preferably said sensing means includes a housing containing said sensor, 
said housing extending through or residing within said section of conduit and at 
least part of said housing being exposed to said gases flow. 

Preferably said breathable means is a semi-permeable or hydrophmc 

material. 

Alternatively said breathable means is monolithic film, microporous 

media or electrostatic filter. 

This invention may also be said broadly to consist in the parts, elements 
and features referred to or indicated in the specification of the application, 
individually or collectively, and any or all combinations of any two or more of 
said parts, elements or features, and where specific integers are mentioned herem 
which have known equivalents in the art to which this invention relates, such 
known equivalents are deemed to be incorporated herein as if individually set 
forth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

One preferred form of the present invention will now be described with 
reference to the accompanying drawings in which; 

Figure 1 is a schematic of the system for delivering gases to a patient and 
sensing means of the present invention, 

Figure 2 is perspective view of a first form of the sensing means of the 

present invention, 

Figure 3 is a perspective view of a second form of the sensing means of 

the present invention, 

Figure 4 is an exploded view of a first form of the sensor housing of the 

sensor means of the present invention, 

Figure 5 is an exploded view of a second form of the sensor housing of 

) the sensor means of the present invention, 

Figure 6 is an exploded view of a third form of the sensor housing of the 

sensor means of the present invention, 



8 



Figure. 7 is an exploded view of a fourth form of the sensor housing of the 
sensor means of the present invention, and 

Figure 8 is an exploded view of a fifth form of the sensor housing of the 
sensor means of the present invention. 

Figure 9 is an exploded view of the sensing means of Figure 1. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides a system for the delivery of gases to a 
patient and more particularly to a sensing means capable of sensing temperature 
or humidity downstream of a humidifier chamber, that is, on the wet-side of the 
system. The sensing means or part of the sensing means, for example, the sensor 
housing or cartridge, is capable of being removed and cleaned, for example m 
any autoclave, or disposed of and replaced. So, cross-contamination between 
patients on second or subsequent use of the sensing means or sensor is not 
possible. The sensing means of the present invention allows for the protection of 
a sensor from wet-side contaminants by means of a filter material. Therefore, 
wet-side contaminants are prevented from affecting the sensors performance. 

Also, the sensing means allows for accurate sensing after the humidifier, 
thus creating effective inputs for feedback control of the humidifier and more 
specifically the heating and humidification of gases passing through the 
humidifier. 

The sensing means of the present invention may be used for various 
applications such as laparoscopic, ophthalmic or other surgical procedures, 
trachecstomised patients, and trans-trachcal insufflation, in particular, in systems 

that supply a humidified gas supply. 

The present invention provides a sensing means in a system where the 
flow of gases passes in sequence through a gases supply means or flow driver 
(such as, a blower, fan, compressor or insufflator), humidification means, 
including a humidification chamber, and then heated delivery circuit. Typical 
blower humidifier combinations have been designed for the treatment of 
) obstructive sleep apnoea and are pressure-controlled devices. They are also 
typically designed to be used as stand-alone blowers or in combination with a 
simple humidifier. These therefore typically deliver low levels of humidity i.e. 
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28 to 32mg/L. The sensing means of the present invention is intended to be nsed 
with a gases supply means and hnmidiflcation means to deliver body temperature 
saturated gases, that is, 37"C and containing 44mg of water vapour per litre to a 
patient over a range of flows, for example, flow that would typieally be nsed to 
provide for a patient's inspiratory flow requirements (i.e. peak inspiratory flow). 

With reference to Figure 1 a humidified positive pressure ventdation 
system is shown that may utilise the sensing means of the present invention. A 
patient 1 is receiving humidified and pressurised gases through a nasal mask 2 
connected to a humidified gases transportation means or inspiratory conduit 3. It 
should be understood that delivery systems could also be VPAP (Variable 
Positive Airway Pressure) and BiPAP (Bi-level Positive Airway Pressor) or 
numerous other forms of respiratory therapy. Inspiratory conduit 3 is connected 
to the outlet 4 of a hnmidiflcation chamber 5, which contains a volnme of water 
6 Inspiratory conduit 3 may contain heating means or heater wires (not shown), 
which heat the walls of the conduit to reduco condensation of humidified gases 
within the conduit. Humidifioation chamber 6 is preferably formed ftom a 
plastics material and may have a highly heat conductive base (for example an 
alnmininm base) which is in direct contact with a heater plate 7 of humidifier 8. 
Humidifier 8 is provided with control means or electronic controller 9 which may 
comprise a microprocessor based controUer executing computer software 
commands stored in associated memory. 

ControUer 9 receives input ftom sources such as user input means or dtal 
10 through which a user of the device may, for example, set a predetenmned 
required value (preset value) of humidity or temperature of the gases supphed to 
; patient 1 . The controller also receives input ftom the sensing means 1 1 through 
conneetor 12 and heater plate temperature sensor 13. In response to a user set 
humidity or temperature value input via dial 10 and the other inputs, controller 9 
determines when (or to what level) to energise he*ter plate 7 to heat the water 6 
within hnmidification chamber 5. As the volume of water 6 withm 
0 humidification chamber 5 is heated, water vapour begins to fiU the volume of the 
chamber above the water's surface and is passed out of the humidification 
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chamber 5 outlet 4 with the flow of gases (for example air) provided from a gases 
supply means or blower 15 which enters the chamber through inlet 16. 

Blower 15 is provided with variable pressure regulating means or variable 
speed fan 21. which draws air or other gases through blower inlet 17. The speed 
5 of variable speed fan 21 is controlled by electronic controller 18 (or alternatively 
the function of controller 18 could carried out by controller 9) in response to 
inputs from controller 9 and a user set predetermined required value (preset 
value) of pressure or fan speed via dial 19. 

Referring now to Figures 1 and 9, in the preferred form the sensing means 
0 1 1 is a removable cartridge or section of tubing 22 that is connected between the 
humidifier outlet 4 and one end 14 of the conduit 3. The tubing is made from an 
appropriate plastics or metal material. A cavity 23 is formed in the side of the 
tubing 22 and in the preferred form covered with a filter material that provides 
for the filtration of the gases stream passing through the section of tubing 22. 
15 The filter material may be integrally formed with the tubing 22 or may be 
attached after the tubing is formed, for example by gluing or any other 
appropriate fastening means. The filter material is preferably a semi-permeable, 
breathable or hydrophilic material; such as a hydrophilic polyester block 
copolymer formed into a homogeneous flat film, for example, SYMPATEX , 
20 but may be any one of the following; monolithic film, microporous media or 
could be an electrostatic filter, or other appropriate material. 

The filter material is adapted to be fitted over the cavity 23 is capable of 
preventing dust, mist, bacteria or viruses from passing directly from the gases 
stream to the sensor 24 contained within a sensor housing 25, but allows for 
25 clean humidified gases to pass through the cavity 23 and filter material into a 
sensor housing 25. If the sensor and/or housing are to be reused, as there is no 
build up of contaminants on the sensor 24, and also as the housing and sensor 24 
are more easily cleaned, second and subsequent use of the sensing means ensure 
no contamination occurs between patients. 
30 In some forms of the present invention the sensor is removable from the 

housing and section of conduit. In these instances the housing and section of 



conduit, being made from low cost materials, can be disposed of, and the 
contaminant free sensor reused. 

The sensor housing 25 is connected to the section of tubing 22 at a port 26 
that surrounds the cavity 23. The connection between the port 26 and sensor 
housing 25 is such that an airtight seal is provided between the housing 25 and 
port 26. This connection may be made by way of a thread, snap fitting, bayonet 
type fitting, rubber-silicon sleeve/boot fitting or any other appropriate fitting. 
The sensor housing 25 holds the sensor 24 within the port 26 in such a manner to 
expose it to any gases filtering through into the housing. This housing 25 is 
preferably made from a plastics type material, but may be made from any other 
appropriate material, and the sensor 24 is attached within the housing eimer by 
being integrally moulded with the housing or by other appropriate fastening or 
attaching means. 

Measurements taken from the sensor 24 are passed through wiring or the 
like to the connector 12 and to the controller 9. Continual sensing of the 
humidity of the gases passing through the tubing section 22 is achieved and 
sensed measurements of humidity, temperature and/or flow are fed back to the 
controller and more accurate control of the gases humidity, temperature and/or 
flow can be achieved. This is because the controller can adjust the temperature 
of the heater plate on the humidification means to cause more or less water 
within the chamber to be vaporised and/or the gases temperature increased or 
reduced. In the case of gases flow, to increase the flow rate, the controller may 
cause the flow rate from the gases supply to be increased or decreased. 

In other forms of the sensing means of the present invention the cavity 23 
may not be covered with the filter material as described above, but the end of the 
sensor housing 25 may be covered with such a material. 

Referring now to Figure 2, which shows an illustration of another 
preferred form of the sensing apparatus of the present invention. The tubing 30 
has a cavity in which the sensor housing 3 1 extends through and is adapted to be 
fixed in an airtight manner within the cavity. The end of the sensor housing 31 is 
within the gases flow (arrow 32) through the tubing 30 and is exposed to the 
gases flow. The end exposed to the gases flow is formed of the filter material as 
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described above. Thus in this form, the sensor housing assembly is contained 
partially within the flow tube and partially in the environment external to the 
flow tube. Other forms of the sensor housing are described below in relation to 
Figures 4 to 8. 

5 In other forms of the present invention, such as that shown in Figure 3, a 

sensor housing forming part of the sensing apparatus may be contained or 
suspended wholly within a section of tubing 34 (similar to that described above 
in relation to Figure 1), and a sensor 35 contained within the sensor housing 33. 
The sensor housing is held within the tubing 34 on integrally moulded arms 37, 
10 but other appropriate means to hold the housing suspended within the tubing are 
envisaged, such as a clip fitting that snap fits the housing to the inner wall of the 
^ conduit. Wiring (not shown) is attached to the sensor and wires run out of the 
housing, via the wires themselves or pins, that are connected to additional wiring 

and then to the controller 9 . 
15 The sensor housing as described in any of the forms of the sensing means 

above may be one of a number of forms itself, Figures 4 to 8 give some examples 
of some of these forms. Firstly, Figure 4 shows an exploded view of a sensor 
housing 40. When assembled the sensor 41 is located within the sensor housing 
40. A filter material 42 forms one end of the sensor housing 40 and the other end 
20 of the tubular housing 40 remains open. Thus, the sensor housing 40 and 
filtration material 42 partially encapsulate the sensor 41. Note must be made 
> that the housing in the form of Figure 4 would not be suitable for use with the 
sensing means configuration of Figure 3, as gases flowing through the sensing 
means of Figure 3 could access the sensor through the open housing of Figure 4. 
25 Figure 5 shows an exploded view of another example of a form of a sensor 

housing. The filter material 52 forms one end of the sensor housing 50 and the 
other end 53 of the sensor housing is closed off so that the sensor 51 is fully 
encapsulated within the housing. Both the housing 50 and end 53 are formed of 
the same material, such as a plastics material. In another form, such as that in 
30 Figure 6, the other end of the housing 53 has a vent hole 54. The vent hole 54 
has the purpose of enabling the environmental conditions in the housing to reach 
equilibrium faster with the outside of the housing, to mimmise lag in sensor 
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response in returning to ambient conditions. Again, connections from the sensor 
to the controller are not shown, but would be made by way or wiring or the like. 
Note must be made that the housing in the form of Figure 4 would not be suitable 
for use with the sensing means configuration of Figure 3, as gases flowing 
through the sensing means of Figure 3 could access the sensor through the open 

housing of Figure 4. 

In yet other forms, such as that of Figure 7, both ends 70, 71 of the 
housing 72 may be formed from the filter material and the sensor 73 is fully 
encapsulated within the housing 72. 

As a final example, Figure 8 shows a housing 80 where the housing 80 
and housing ends 81, 82 are made of the filter material. The filter material is a 
semi-permeable or hydrophilic material that allows gases through but not 
condensation, viruses, bacteria or other similar contaminants that may affect the 
sensors operation or damage the sensor. 

In other forms of the sensing apparatus of the present invention the sensor 
housing (of one or other of the forms disclosed above) may optionally have a 
heating element. Often when sensors are exposed to condensate they can become 
saturated and may begin to sense inaccurately. By heating the inside of the 
housing and sensor, the sensors performance or response can be optimised. A 
20 heating element may be housed within the sensor housing in a manner such that 
the heating element is physically detached from the sensor and which provides 
indirect heating of the sensor. In other forms the heating element may be 
physically attached to the sensor providing direct heating of the sensor. In yet 
another form the heating element may be attached to the outside of the sensor 
25 housing providing for indirect heating of the sensor via heating of the sensor 
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